Letters to the Editor

Disorders of Hemostasis

A type Il mutation (Glu117stop), induction of
allele-specific mRNA degradation and factor XI
deficiency

The Glul17stop mutation in the factor XI (FXI)
gene is the most common cause of FXI deficiency
and might cause the disease either by poor secre-
tion/stability of the truncated protein or by
decreased mRNA levels. Platelet- and lymphocyte-
derived mRNA from three Glul17stop heterozy-
gotes were analyzed by reverse-transcriptase poly-
merase chain reaction and sequencing, demonstrat-
ing allele-specific reduction of FXI Glul17stop
mRNA.
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Coagulation factor XI (FXI) is a zymogen of a serine
protease, which plays an essential role in blood coagula-
tion through the activation of factor IX. It circulates in
plasma as a homodimer composed of two 80-kDa chains
linked by a disulphide bridge and complexed with high
molecular weight kininogen. FXI messenger RNA
(mRNA) is mainly expressed in liver and at lower levels in
platelets and lymphocytes.’

EXI deficiency is a bleeding disorder characterized by
hemorrhagic symptoms mainly associated with injury or
surgery and generally inherited as an autosomal recessive
trait (MIM *264900).> However, cases of dominant trans-
mission of the disease were recently reported.’ The bleed-
ing tendency in FXI-deficient patients is highly variable
and is often independent of circulating FXI levels.” The dis-
ease has been described in several populations (prevalence
1:10°) but it is particularly common in Jews, among whom
a heterozygote frequency of 9% has been reported.*

The genetic bases of this rare coagulation disorder are
mutations within the FXI gene (F11), which is located on
chromosome 4q35.2 and consists of 15 exons. Among
known genetic defects in F11, the type II mutation
(Glu117stop, located in F11 exon 5) is highly frequent in
Ashkenazi and Iraqi Jews, and has also been repeatedly
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found in other populations, always associated with the
same founder haplotype.® The pathogenic mechanisms by
which Glul17stop leads to FXI deficiency have not yet
been clarified and may include poor secretion/stability of
the truncated protein and decreased synthesis/stability of
the mutant mRNA."® Transfection of BHK cells with FXI
cDNA with the Glu117stop mutation yielded unmeasur-
able FXI protein, thus suggesting an effect at the protein
level” On the other hand, a recent real-time reverse-tran-
scriptase polymerase chain reaction (RT-PCR) analysis
supports an effect at the mRNA level, since no detectable
EXI mRNA was found in platelets and lymphocytes of a
Glu117stop homozygous individual. Normal levels were
found in Glul17stop heterozygotes, but the monoallelic
expression of the wild-type FXI was not checked.'
Mutations introducing premature termination codons in
eukaryotes often signal mRNA degradation by the non-
sense-mediated mRNA decay pathway.® About half (12
nonsense, 7 frameshift, and 9 splicing mutations) of the
more than 60 published mutations in F71 are predicted to
cause the formation of premature termination codons.’
However, no clear-cut data on the effect of such prema-
ture termination codons on FXI mRNA stability have yet
been provided. To address this issue, we studied three
Italian patients affected by mild FXI deficiency, whose
main demographic and clinical characteristics are summa-
rized in Table 1. DNA sequencing of F11 revealed that
they were all heterozygous for the Glu117stop mutation
in exon 5.

A F11 region spanning from exon 3 to exon 8 was
amplified by RT-PCR from platelet- and lymphocyte-
derived mRNA of each patient. In two cases a nested PCR
(with primers located in exons 4 and 6) was necessary to
obtain a detectable PCR product, confirming that platelets
and lymphocytes contain low levels of FXI mRNA." Direct
sequencing of RT-PCR products demonstrated the com-
plete absence of the mutant transcript in all cases (Figure
1), suggesting the selective degradation of mRNA mole-
cules carrying the premature termination codon, even
though decreased mRNA synthesis cannot be ruled out.
Sequence analysis at a polymorphic site in exon 5, associ-
ated with the type II mutation (430T—C),® confirmed the
presence of only the wild-type FXI mRNA (data not
shown).

In addition to triggering nonsense-mediated mRNA



Table 1. Characteristics of the patients with FXI deficiency.

Patients’
Characteristics P1 P2 P3
City of origin Bari Vicenza Vicenza
Gender M M M
Present age, years 12 34 68
FXI activity levels, %* 35 32 35
FXI antigen levels, %! 33 39 41
Main symptoms Recurrent Recurrent Recurrent
epistaxis epistaxis epistaxis,
prolonged oozing
after tooth extraction

Mutation, state Glu117stop, Glu117stop, Glu117stop,

heterozygous  heterozygous heterozygous

SAll patients were referred because of an isolated prolonged activated partial
thromboplastin time (APTT) associated with a mild bleeding diathesis. Plasma
EXI level was evaluated by a functional assay based on a modified APTT and by
an enzyme-linked immunosorbent assay (ELISA). FXI levels in both tests are
expressed as percentages of values in pooled normal plasma from 30 normal indi-
viduals. The detection limits of the FXI functional and immunologic assays were
1% and 0.1%, respectively. Measured levels and normal ranges for both tests con-
firmed the diagnosis of FXI deficiency; *normal range: 8-136%;

"normal range: 63-129%.

decay, premature termination codons may also cause
nonsense-associated altered splicing,”” a surveillance
mechanism upregulating alternatively spliced transcripts
that have skipped exons containing premature termina-
tion codons. To confirm that the type II mutation does
not cause nonsense-associated altered splicing, we set up
a two-step RT-PCR assay with primers designed to exclu-
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sively amplify FXI transcripts lacking exon 5. In particu-
lar, a first PCR using primers located in exons 2 and 8 was
followed by a nested PCR with a forward primer crossing
exon 4 and 6 (5'-ATAAGCGTAACATTTGTCTAC-3’)
coupled with a reverse primer in exon 8. No products
were obtained in any of the analyzed patients confirming
that there is no evidence an alternative splicing of FXI
exons 5 and that the Glu117stop mutation does not trig-
ger nonsense-associated alternative splicing (data not
shown). A synthetic 99-base oligonucleotide spanning the
exon 4/6 junction was used as a positive control of the
exon-5-skipped amplification.'

In conclusion, the data reported here suggest that
Glul17stop causes a quantitative deficiency of FXI by
reducing mRNA levels. Nonsense-mediated mRNA decay
might be responsible for this allele-specific degradation,
and could play an important role in the pathogenesis of
FXI deficiencies caused by mutations introducing prema-
ture termination codons.
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Figure 1. Effect of the
Gluli17stop mutation on FXI
mRNA metabolism. Sequence
analysis of both genomic DNA
(top) and mRNA (bottom) of FXI-
deficient patients (P1-P3) het-
erozygous for the Glull7stop
mutation in exon 5. A F11 region
spanning from exons 3 to 8 is
schematically depicted (middle);
nucleotides surrounding the
mutations are also indicated.
Primers used for PCR amplifica-

in5R ex6R ex8R tion from genomic DNA are
‘ <] shown by black arrows (FXI-In5F
5’-AAAGGATGAGTCAGGAGGGA-

3, and FXIHn5R 5-TCTG-

exon6 exon7 exon8  GCATAAAGTTGATGGC-3’), while

those used in the RT-PCR experi-
ments are indicated by white
(first amplification, FXI-Ex3F 5-
TGTGACTCAGTTGTTGAAGG-3’,
and FXI-Ex8R 5-GCAATC-
CACTCTCAGATGTT-3') or gray
(nested amplification, FXI-ex4F
5-GAAACACTGCCAAGAGTGAA-3',
and FXl-ex6R 5’-CCAGATTA-
GAAAGTGCACAG-3’) arrows.
Exons (boxes) and introns (lines)
are not drawn to scale. PCR con-
ditions are available on request.
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